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Some recent studies have reported the lichen flora of a number of islands in the 
same region as Lord Howe Island (Galloway & Hayward 1987; Hayward et al. 1991; 
Elix et al. 1992; Hayward & Lumbsch 1992) and these findings, for the genus 
Pertusaria, are summarised in Table 2. Lord Howe Island has a relatively large number 
of Pertusaria species when compared with other islands in the same region; the 
number of endemic taxa is also noteworthy (Table 2). 

Table 2. Number of Pertusaria species on islands in the same region as Lord Howe 
Island 

Locality Lat. Long. Number of Pertusaria species 
Total Endemic 

Lord Howe Island 31° 32' S 159° 05' E 20 5 

Norfolk Island 29° 04' S 167° 55' E 10# 3 

Three Kings Islands 34° 06' S 172° 20' E 6* 0 

Little Barrier Island 36° 12' S 175° 07' E 5 0 

Stewart Island 47° 10' S 167° 40' E 6 0 

# Seven species were originally reported (Elix et al. 1992) and Pertusaria subtacerans Archer, Pertusaria 
globospora Archer and Pertusaria velata (Turn.) Nyl. have been identified in more recent collections 

from Norfolk Island. 

* Five species were originally reported (Galloway & Hayward 1987) and Pertusaria subventosa Malme 

has been identified in earlier collections from Three Kings Islands. 

Artificial  key to Pertusaria in Lord Howe Island 

1 Thallus saxicolous . 2 

1* Thallus corticolous . 9 

2 Thallus sterile, isidiate or sorediate . 3 

2* Thallus fertile, spores 8 per ascus, lacking isidia and soredia . 7 

3 Thallus isidiate; 4,5-dichlorolichexanthone and stictic acid 
.,. P. montpittensis 

3* Thallus sorediate . 4 

4 Thallus white, UV bright yellow, KC+ violet, . P. subventosa 

4* Thallus yellow, dull yellow or olive green, UV bright or dull orange, KC+ orange 

or -ve . 5 

5 Thallus olive green, soredia K+ red, Pd+ yellow . P. miniatescens 

5* Thallus yellow or dull yellow, soredia K-ve . 6 

6 Thallus yellow, KC+ orange P. persulphurata 
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6* Thallus dull yellow, KC-ve . P. puffina 

7 Thallus off-white, UV bright yellow, spores 100-125 pm long . P. asperata 

7* Thallus greyish-white or dull yellow green, UV dull orange . 8 

8 Verrucae KC+ orange, spores 60-85 pm long, thiophaninic acid.P. petrophyes 

8* Verrucae KC-, spores 85-105 pm long, 4,5-dichlorolichexanthone 
. P. lavata 

9 Thallus sorediate, yellow, sterile, KC+ orange . P. maritima 

9* Thallus esorediate, fertile, apothecia disciform or verruciform . 10 

10 Apothecia disciform, K+ red, Pd+ yellow, spores uncommon, 1 per ascus, ISO- 
175 pm long . P. sublacerans 

10* Apothecia verruciform . 11 

11 Spores 2 per ascus, ca. 100 pm long, stictic acid . 12 

ll*Spores 4 or 8 per ascus . 14 

12 Spore wall rough, ostioles usually translucent . P. schizostomella 

12*Spore wall smooth, ostioles black or translucent yellow . 13 

13 Ostioles black, thiophaninic acid . P. thiospoda 

13*Ostioles translucent yellow, thiophanic acid and 6-O-methylarthothelin 

. P. malabara 

14 Spores 4 per ascus, spore wall rough, spores 95-110 pm long. P. elliptica 

14*Spores 8 per ascus, predominantly biseriate . 15 

15 Spores 100-140 pm long, lichexanthone present . P. dehiscens 

15*Spores <100 pm long, lichexanthone absent . 16 

16 Verrucae KC+ orange . 17 

16*Verrucae KC- . 18 

17 Spores 75-85 pm long, arthothelin and 6-O-methylarthothelin . P. howeana 

17*Spores 52-72 pm long, thiophaninic acid . P. leioplacella 

18 Lichen compounds absent, spores 80-95 pm long . P. subrigida 

18*Lichen compounds present, spores <80 pm long . 19 
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19 Spores 65-75 pm long, 2-chlorolichexanthone and sticticacid . P. limbata 

19*Spores 60-75 pm long, 2,4,5-trichlorolichexanthone . P. lordhowensis 
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a small settlement at the mouth of the Singapore River or growing gambier in the

surrounding hills.

The foundation of the British colony led to a rapid and sustained rise in population.

From the beginning, Singapore was primarily a trading centre, but the cultivation of

cash crops also expanded and spread into the interior of the island. Many crops were

grown during the nineteenth century but, except on the sandy soils of the southeast

coast, where coconuts were the major crop, most of the initial clearance of primary

forest seems to have been for the cultivation of gambier (Uncaria gambir (Hunt.)

Roxb.). Gambier was grown for export to China, and later Britain, where it was used

for tanning leather and as a dye. It grows best on soil newly-cleared of forest and each

plantation required a roughly equal area of forest to provide firewood for boiling the

gambier leaves (Jackson, 1965). The Chinese gambier growers rarely had any legal title

to the ground and simply moved on when the soil was exhausted and the fuelwood

supply insufficient. Abandoned plantations were invaded by the grass Imperata

cylindrica (L.) P. Beauv. or by secondary scrub.

Gambier continued to be a major crop in Singapore until 1890, after which the area

declined rapidly. By this time, little of the original forest cover remained and most

surviving forest fragments had been heavily exploited for timber and firewood (Corlett,

\99\a, b). After the departure of the gambier growers, the cultivation of other crops,

particularly pineapples, increased. However, it was an entirely new crop, rubber (Hevea

brasiliensis (A. Juss.) M.A.), which had the major impact in the first half of this

century. After the first commercial plantings in the 1900s, the area expanded rapidly,

reaching a maximum in 1935, when nearly 40 per cent of Singapore's total land area

was under rubber plantations. After this, the area under cultivation declined sharply,

except for a temporary increase in the production of food crops during the Japanese

occupation (1942-45). The post-war era saw a decline in all crops except vegetables as

agricultural land was increasingly lost to urbanisation and industrialisation. Today,

less than 100 hectares are used for intensive vegetable cultivation while more than half

the main island is urban in character.

Although heavily exploited for firewood, most of Singapore's extensive mangrove

forest area survived into the twentieth century. All but a few small areas have sub-

sequently succumbed to conversion to brackish water ponds for agriculture, systematic

reclamation for building and, more recently, the barraging of all major non-urban

estuaries to create freshwater reservoirs (Corlett, 1987).

Conservation

In the early decades of the colony, exploitation and clearance of the forest ap-

parently proceeded unchecked. In 1848, however, concern about possible effects on

Singapore's climate led the Governor to prohibit the further destruction of forest on

the summits of hills. This prohibition seems to have been effective for Bukit Timah,

at least (Corlett, 19886). By 1882, when Nathaniel Cantley was commissioned to survey

the forest resources of the Straits Settlements (Singapore, Malacca, Province Wellesley

and Penang), concern for the climatic effects of deforestation had largely been replaced

by worries about the timber supply. Cantley, reporting that only 7 per cent of the

original forest remained, proposed the creation of forest reserves (Cantley, 1SS4). His

recommendations were accepted and, eventually, about 10 per cent of the island was

protected in this way (Fig. 2). Unfortunately, most of the reserve area consisted of

grassland, scrub or degraded mangrove, with little good forest. In addition to the

forest reserves, an area around Singapore's first reservoir (now called MacRitchie
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Reservoir), partly covered in degraded primary forest, was protected during the 1890s
as a catchment.

Most of the reserves were eventually worked for timber, handed over to squatters

or otherwise developed. An area of primary forest survived at Changi until 1927, when
it was cleared for construction of a military base. The decline in the forest reserves

coincided with an increase in the protected catchment area as new reservoirs were
constructed in the centre of the island. The expanded catchment area incorporated

several fragments of disturbed primary forest, including what remained of Chan Chu
Kang Forest Reserve and part of the Mandai Reserve, although this latter area was
later cleared for the extension of Seletar Reservoir in 1940-41.

The Forest Reserves were finally abolished in 1936 but Bukit Timah and parts of

the mangrove reserves at Pandan and Kranji were placed under the control of the

Botanic Gardens. In 1951, these three areas, with the entire catchment area and 4

hectares of cliff face at Labrador, became Nature Reserves. The mangrove reserves were

subsequently lost to development. Today the Nature Reserve system consists of 2,795

hectares in the centre of the island, of which 81 hectares is in Bukit Timah Nature

Reserve and the rest in the Public Utilities Board Catchment Area (Fig. 2). A small

area of mangrove at Sungei Buloh is protected as a bird sanctuary.

Climate

Singapore is only 137 km north of the equator and has an equatorial climate. The
range of mean monthly temperatures is only 25.5-27.3 °C and of mean monthly rain-

fall 160-300 mm. In Southeast Asia, similar climates are confined to the southern

part of the Malay Peninsula, parts of Sumatra, much of Borneo and part of western

Java. Elsewhere, only the island of New Guinea and parts of the central and western

Amazon region have extensive areas of such climates. The botanical consequences of

this extreme aseasonality are most obvious in urban areas, where the tree-lined streets

are green all the year round but rarely show the massed flowering displays of other

tropical cities. As discussed below, however, both seasonal and non-seasonal variations

in the climate are of great significance for the native flora.

Despite its small size, Singapore also shows a surprising amount of spatial variation

in rainfall. Mean annual rainfall exceeds 2,300 mmin the central part of the island

and falls below 2,000 mmalong much of the south coast (Chia and Foong, 1991).

This spatial variation may have had a significant effect on plant distributions before

the nineteenth century but its influence is now obscured by the effects of recent

human impact.

A thorough review of Singapore's climate with additional references can be found

in Chia & Foong (1991). Here I will only discuss features of direct botanical relevance.

Seasonality

Despite its apparent constancy, Singapore's climate is perceived by people, birds

(Hails, 1987), and plants as seasonal. The time difference between the longest and

shortest days of the year is only 9 minutes so photoperiod effects are unlikely, if not

impossible. The long term means of air temperature, rainfall, relative humidity and

solar radiation are clearly seasonal, although within a narrow range (Fig. 3). Phis

limited seasonality is a consequence of the changes in the prevailing wind direction.

The northeast monsoon prevails from November to March and the southwest (or, more

accurately in Singapore, south) monsoon from May to October. During the inter-

monsoon periods of April/May and October/November wind directions are variable.
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November and December are generally cooler, wetter and cloudier than other

months. The solar radiation maximum is in February/March, which is also the period
most prone to long dry spells. The month with the lowest mean rainfall, however,

varies in different parts of the island. The hottest months are May and June. The
most striking climatic change in most years is between the cloudy, wet period at the

beginning of the northeast monsoon in November/December and the relatively drier

and sunny period towards the end, in February/March (Fig. 3). The strength of this

contrast is obscured in long-term averages because the precise timing varies from year

to year but, in most years, it is the most significant interruption to the uniformity of

the climate.

A single annual community-level flowering peak — around April — has been

reported from several lowland forest sites in the Malay Peninsula (Ng, 1988), presumably

triggered by this change. Corner (1988) suggests that there is often a second, weaker,

flowering peak later in the year, triggered by a second, less predictable, dry period.

There is no quantitative evidence for this but two annual peaks of leaf flushing have

been described at some sites. Clear annual (e.g. Campnosperma auriculatum (Bl.)

Hook, f.) or biannual (e.g. Fagraea fragrans Roxb.) flowering periodicities are fairly

common in the Singapore flora.

The absence of regular seasonal climatic extremes must make non-seasonal extremes

more easy for plants to detect. It is not surprising, therefore, that irregular climatic

events that do not follow an annual cycle are of at least equal botanical significance

in Singapore. Some of these climatic cues occur with a frequency greater than annual.

The sudden drop in temperature caused by daytime thunderstorms is known to provide

the trigger for already-formed flower buds to complete their development in certain

orchid species (e.g. Dendrobium crumenatum Sw.) and the angsana tree (Pterocarpus

indicus Willd.). Several other species which flower synchronously several times per year

(e.g. Rhodamnia cinerea Jack, Timonius wallichianus (Korth.) Valeton) presumably

have a climatic trigger for floral initiation.

Other climatic extremes occur with less than annual frequency. Many forest species

show supra-annual reproductive cycles which may have climatic triggers. At irregular

intervals of 2-10 years, the reproductive activity of many species coincides in a massive

burst of flowering followed by an equally striking fruiting peak. The cue for this

dramatic mass-flowering is certainly climatic but the precise event responsible is still

uncertain. Dry weather (Foxworthy, 1932; Medway, 1972), increased daily sunshine

hours (Ng, 1977), and a drop in minimum temperature (Ashton et a/. y 1988) have all

been suggested. All three suggested triggers tend to occur together near the beginning

of the year and may be associated with the El Nino-Southern Oscillation Event

(Ashton et ai, 1988). A mass-flowering event in Singapore in 1987 (Corlett, 1990)

followed an exceptionally dry and sunny February, but there was no significant drop

in minimum temperature. The consequences of this supra-annual pattern of forest

phenology for the common, basically frugivorous, monkey, Macaca fascicularis, are

described by Lucas & Corlett (1991).

Climatic extremes may act as constraints as well as triggers but this effect is not

obvious in Singapore. The extreme minimum (19 °C, in January 1934) and maximum

(35.8°C, in April 1979) temperatures recorded on the island differ little from the

annual extremes. Hailstorms are rare and the longest recorded dry spell was 32 con-

secutive days in February and March, 1970. Singapore is well outside the typhoon belt

but during the south monsoon short-lived squalls, known locally as
4 Sumatras\ can

cause damage to isolated trees.
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Microclimates

Few plants experience the "raw" climate recorded at standard meteorological stations.

For the majority, climatic means and extremes are modified by the presence of other

plants and non-living structures. The contrast between the microclimate near the forest

floor and that above the canopy or in a large clearing is well-documented (Whitmore,

1990). Most of Singapore's native flora must have been adapted to spending all or

part of its life cycle in the cool, damp shade of the forest understorey. The only

exceptions would have been canopy epiphytes, gap specialists and coastal species. Most
of Singapore is now one huge, permanent clearing so the dominance of exotics and
coastal species among both the planted and spontaneous flora is not surprising. Out-

side the forest, there is also a marked rural-urban contrast in microclimate (Singapore

Meteorological Service, 1986), attributed to heat stored in urban structures, but the

botanical significance of this is unknown.

Geology and Soils

Geology

The geology of Singapore has recently been reviewed by Thomas (1991) and a

geological map of the island is available (PWD, 1975). Only a brief summary is given

here.

The centre of the main island is underlain by the Bukit Timah Granite. This con-

sists of acid igneous rocks, ranging from granodiorite to true granite, dated to the

early-middle Triassic (230-205 Myrs B.R). Other granites of similar or more recent

age outcrop at Changi Point, Pulau Sekuda and Pulau Ubin. The Gombak Norite

outcrops in a restricted area on the west of the Bukit Timah Granite, around Bukit

Panjang and Bukit Gombak. It consists of basic igneous rocks ranging from norite

to gabbro and is older than the Bukit Timah Granite. Most of the southern, south-

western, and western part of the main island, and most of the southern islands, are

underlain by a variety of sharply-folded sedimentary rocks termed the Jurong Forma-

tion. These include conglomerates, sandstones, siltstones and mudstones. They are

younger than the Bukit Timah Granite: probably of upper Triassic to early or middle

Jurassic age (230-180 myrs B.P.).

Much of eastern Singapore and a part of the northwest is covered in semi-

consolidated alluvial sands and gravels, with some silt and clay. This deposit, called

the Old Alluvium, is predominantly granitic in provenance and seems to have been

deposited in a braided river environment during the more seasonal climate of one or

more of the Pleistocene cold stages (Gupta et ai, 1987). Holocene deposits of various

types cover low-lying coastal areas and fill the lower parts of river valleys. These

include beach sands and gravels deposited during the Holocene sea-level maximum
(ca. 5,000 B.P.) and a variety of other marine, estuarine and alluvial gravels, sands,

muds and peats.

Soils

The soils of Singapore were classified into 24 series and mapped by Ives (1977) and

have recently been reviewed by Rahman (1991). Unfortunately, soil classifications pro-

duced by soil scientists, principally for agricultural purposes, often seem to have little

predictive value for ecology, particularly in the tropics. This is probably because many
ecologically important features of a soil are destroyed by cultivation. A soil can be

cleared of its vegetation cover, suffer severe compaction, have its organic matter
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oxidised, its nutrients leached, and its surface layers eroded, without changing its posi-

tion in the classification. Moreover, Singapore's continuous high temperature and rain-

fall, and the resulting intense weathering and leaching, have resulted in soils with similar

properties on a range of different parent materials. Extreme parent materials, such as

limestone and ultrabasic rocks, do not occur in Singapore.

Most soils in Singapore can be described as sandy clay loams and have a bimodal
particle-size distribution. All are acidic, with a low cation exchange capacity and low

to very low concentrations of available nutrients. All except those under the small

areas of primary forest have undergone at least one agricultural cycle and much of

Singapore is covered in soils which, whatever their taxonomic position, are character-

ised by extreme soil degradation as a result of nineteenth and early twentieth century

agricultural practices. Over large areas the original soil has been removed, buried or

drastically altered by construction activity. A variety of different fill materials have

been used for the extensive reclamation of land from the sea, including clayey sub-

soil from inland construction projects and marine sand dredged from the sea bed.

Sand fill resembles natural coastal deposits but clayey fill, after compaction to ensure

stability, results in a soil that is completely structureless, poorly aerated and drained,

and very low in fertility.

Six of the ten soil orders in the United States Department of Agriculture (USDA)
Soil Taxonomy have been recognised in Singapore (Rahman, 1991). The largest area

is covered in Ultisols. These are found on granite, on the fine- and mixed-grained

sedimentary rocks of the Jurong Formation, and on the Old Alluvium. Soil develop-

ment is greatest on well-drained, level ground over granite and least on the Old Allu-

vium, where some of the less-developed soils may be better classified as Inceptisols

or Entisols (Rahman 1991). Inceptisols are also found on some of the coarse-grained,

resistant rocks of the Jurong Formation. Soils over granodiorite and the more basic

igneous rocks typically develop into Oxisols. The soils on recent alluvium are mostly

Entisols, although of widely varying properties. Other soil types of relatively minor

extent occur near the coast, including highly organic Histosols formed under freshwater

swamp forest, Spodosols (podzols) on old beach deposits, and the distinctive Sulfa-

quents under mangrove.

Biogeography

This account of the biogeography of Singapore's flora is based on the species list

of Turner et al. (1990), with distributional data from regional floras, principally the

Flora Malesiana, Tree Flora of Malaya, Flora of Thailand, Flore du Laos, du Cam-

bodge et du Vietnam, and the Flora of Australia, supplemented, where possible, by

data from more recent monographs. This data has a number of obvious limitations,

apart from its incomplete taxonomic coverage. Most serious is the undercollection of

much of the region around Singapore, particularly Riau, Sumatra and Kalimantan.

There is also the problem of non-coincidence of biogeographical and political bound-

aries. In the region under consideration here, the clearest examples are the Malaysia-

Thailand border, which is somewhat south of the northern limits of much of the

Malesian flora, and the island of Palawan, which is biogeographically Bornean but

politically part of the Philippines. Thus "Thailand" or "the Philippines", unqualified,

in a description of a species distribution, are not very helpful to the biogeographer.

Takhtajan (1986) places Singapore in the Malesian Subregion of the Malesian Region

of the Paleotropical Kingdom. The Malesian Subregion is further divided into five

provinces, with Singapore in the Malay Province. However, the suggested differences

between the MalayProv ince and the adjacent Sumatran and Kalimantan Provinces
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are minor. Indeed, at the species level, the most striking feature of Singapore's flora

is its broad distribution. The question of possible Singapore endemics is probably best

left until after this Flora is completed, but they are undoubtedly very few, if any. Even
among the inland rain forest flora —the plants most likely to have restricted distribu-

tions —only 15 per cent of the 730 species for which I could obtain reasonable data

are apparently confined to the Malay peninsula (including peninsular Thailand and,

in a few cases, peninsular Burma or the Riau Archipelago). A further 50 per cent of

forest species occur more widely in the everwet "core" of Sundaland (Sumatra, Borneo
and West Java). The remaining third of the species are even more widespread, extend-

ing northwards into continental Asia (21 per cent), or eastwards through Malesia

towards Australia (14 per cent). The wide distribution of most Singapore forest species

is no doubt the result of the unexceptional nature of the physical environment and
Singapore's position near the centre of the Sunda shelf. It does suggest, however, that

whatever the effects of full-glacial aridity on the vegetation of the region, continuous

rain forest was re-established on Sundaland before rising sea-levels created major
barriers to dispersal.

It is important to point out that the Singapore populations of widespread species

are still of conservation value because of the likelihood of ecotypic variation at the

margins of the range. Moreover, deforestation to the north and south of Singapore is

rapidly restricting the range of species that were widespread ten or twenty years ago.

As might be expected, the coastal flora is much more widely distributed. Caesalpinia

bonduc Roxb. and Thespesia populnea (L.) Correa are effectively pantropical while

a number of species range from East Africa to the western Pacific (e.g. Bruguiera

gymnorrhiza (L.) Lamk., Excoecaria agallocha L.). These extremely wide ranges pre-

sumably reflect both the tendency to seawater dispersal in the coastal flora and the

relative uniformity of the coastal environment.

The flora of man-made open sites is essentially pantropical, consisting of species

of Asian origin which have now spread around the world, and exotics from Africa and

the Neotropics that have become naturalised in Singapore. As is true throughout the

region, the recognizably exotic component of Singapore's flora contains many more
species of Neotropical origin (at least 84 species) than from Africa (14 species) (Corlett,

1988). This may reflect similarities in climate and, perhaps, agricultural systems, as

well as the large number of crop and ornamental plants deliberately introduced from

tropical America. Another interesting feature of Singapore's weed flora is the rarity

or absence of several pantropical exotics, abundantly-naturalised in the more seasonal

climates of the region (e.g. Crassocephalum crepidiodes (Benth.) S. Moore, represented

only by a single old record) and the absence of weeds of temperate origin (Corlett,

1992&). The composition of the weed flora demonstrates clearly that, far from being

a "greenhouse climate" in which anything can grow, Singapore's year-round high

temperatures and rainfall exclude unadapted species as effectively as extreme cold or

drought.

The biogeography of Singapore's flora at the genus and family levels is that of

the Sunda Shelf flora as a whole. The dual origin of the regional flora from both

Gondwanic and Laurasian sources has long been recognised. However, the complex

geological origin of the Malay Archipelago, outlined above, probably provided a

multiplicity of times and routes for interchange, making the recognition of distinct

"elements" in the flora difficult. For example, the family Dipterocarpaceae shows an

overwhelming concentration of living species in West Malesia (Sundaland plus the

Philippines) and probably entered the region from the Asian mainland, but the global

distribution of living and fossil members suggests a possible ultimate origin on Gond-
wanaland (Ashton, 1982). Plants of originally Gondwanic families have probably
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entered the region from both the south-east (after the Miocene collision between
Laurasia and Gondwanaland or, earlier, via island "stepping-stones") and from the
north-west (after being "rafted" northwards from Gondwanaland on India). Some taxa

(e.g. the palms, of disputed ultimate geographic origin, and the Loranthaceae) have

apparently entered the region from both ends (Dransfield, 1987; Barlow, 1990).

Vegetation

Primeval Vegetation

I have been unable to find any useful description of Singapore's vegetation before

the late nineteenth century. Early maps and written accounts make insufficient distinc-

tion between vegetation types or only refer to small areas. It is a reasonable assump-

tion, however, that, except for sandy beaches and steep cliffs, and the immediate

vicinity of the major settlement, closed canopy forest covered the whole island in 1819.

To what extent this forest had been exploited, disturbed or cleared in the past is

impossible now to determine. From topography, soil patterns and late nineteenth cen-

tury maps, I estimate that mangrove forest would have occupied about 13 per cent of

the main island, freshwater swamp forests of various types 5 per cent, and lowland

evergreen rain forest the remaining 82 per cent (Corlett, 1991a). The floristic composi-

tion of the rain forest must have varied considerably with soil type and topography

but extensive botanical collection did not start until the 1880s, when more than 90 per

cent of the forest had gone, so we have little information on this variation. The distinc-

tive floras of the 10 ha forest remnant at Changi, cleared in 1927, and the 4 ha

Gardens' Jungle, now badly degraded, suggest that much of Singapore's primeval flora

may have been lost before it was collected. Even in the 1890s, Ridley could collect

rain forest taxa at many sites where forest no longer exists. Known extinctions are

mostly coastal, reflecting the complete destruction of the coastal forest, with the ex-

ception of some small areas of mangrove.

Primary Forest Today

Today, primary rain forest, disturbed to varying extents, is confined to the 71 ha

Bukit Timah Nature Reserve (which is about two-thirds primary forest) and scattered

patches of various sizes, totalling about 50 ha, in the adjacent water catchment area.

Most of these primary forest remnants are in the areas of overlap between the Forest

Reserves established in the late nineteenth century and the current Nature Reser\e

system (Fig. 2). The Bukit Timah forest has apparently never been legally exploited,

at least since its first protection in the 1840s (Corlett, 1988/?). Extensive illegal cutting

of timber and firewood has, however, undoubtedly occurred at times of reduced pro-

tection. At least 840 angiosperm species (excluding non-forest weeds) have been

recorded from Bukit Timah in the past century (Corlett, 1990, 1991/?). Five families

- Rubiaceae, Euphorbiaceae, Orchidaceae, Moraceae and Annonaceae - account

for almost a third of the angiosperm flora. In terms of numbers of species, the Euphor-

biaceae, Rubiaceae, Myrtaceae, Annonaceae and Lauraceae are the most important

tree families, but the Dipterocarpaceae provides the greatest number of large tree in-

dividuals (Wong, 1987). The Rubiaceae and Palmae are the biggest climber families,

ferns dominate the herb layer, and ferns and orchids account for most of the epiphytes

(Corlett, 1990).

The largest primary forest remnants in the catchment area are around MacRitchie

Reservoir and the Nee Soon (Yishun) firing ranges. Both areas have been protected
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since the late nineteenth century (as a catchment area and Chan Chu Kang forest

reserve, respectively (Fig. 2)) but, before that, were probably exploited heavily. Con-
tinuity of forest cover — and thus justification for considering them "primary" —
is shown by the extremely rich flora, including numerous species absent from the

adjacent secondary forests. The Nee Soon area also includes about 15 ha of dis-

turbed freshwater swamp forest, the last remnant of the much larger area studied by

Corner (1978). The floristics of these other primary forest remnants have not been

investigated as thoroughly as Bukit Timah, but the floras seem to be to some extent

complementary.

Secondary Forest and Scrub

The rest of the central catchment area (Fig. 2) is covered in secondary forest of

various ages (Corlett, 1991c). This area was cleared of its original forest cover by the

mid nineteenth century, cultivated until exhaustion and then abandoned to lalang.

Protection as part of an expanded water catchment, mostly in the period 1899-1906,

did not lead to an immediate regeneration of forest because of frequent grass fires,

but most of the area seems to have been under woody cover by the nineteen-thirties.

Some parts have been cut or burned more recently. The oldest areas of forest (750-80

years old) are 15-20 m tall with 35-65 species >2 cm d.b.h. in 0.1 ha plots. This tall

secondary forest is dominated by members of the families Guttiferae {Calophyllum

spp., Garcinia spp.), Lamaceae {Lindera lucida (Bl.) Boerl., Litsea spp.), Myrtaceae

{Eugenia spp., Rhodamnia cinerea Jack), and Elaeocarpaceae {Elaeocarpus spp.). It

is clearly distinguished from the included primary forest remnants by its lower stature

and species diversity, even canopy, poorly-developed understorey, and the complete

absence of Dipterocarpaceae and other species with large, wind-dispersed seeds.

For historical reasons, tall secondary forest is confined to the central catchment

area, but areas of younger secondary forest and scrub, probably all less than 40 years

old, are scattered around the main island and on several offshore islands (Corlett,

1991c). This pioneer community is remarkably uniform, floristically, despite the wide

range of rock types on which it occurs. Large areas contain less than 20 vascular plant

species in total. The explanation for this relative floristic poverty must be severe soil

degradation —chemical, physical or both. The dominant species is usually Adinandra

dumosa Jack, particularly after the formation of a closed canopy has eliminated the

smaller species. Transitions between the low (6-12 m), Adinandra-dom'mated forest

and the tall secondary forest described above can be found in some parts of the central

catchment area. Whether or not the outlying areas, if protected, will ever undergo this

transition, in the absence of nearby seed sources, is an interesting question!

Except for small areas at the back of beaches, all herbaceous vegetation in Singapore

is secondary and results from recent or continued disturbance. Fire prevention and

control have virtually eliminated the vast areas of lalang (Imperata) grassland which

dominated the Singapore landscape in the late nineteenth and early twentieth century.

Spontaneous herbaceous vegetation is now most extensive on wasteland awaiting

development and on land newly reclaimed from the sea. Except on the poorest soils

(such as land reclaimed with sand fill), this wasteland vegetation is dominated by

naturalised exotic species, particularly African grasses and tropical American legumes

(Corlett, 1988a). Exotics also dominate the weed flora of parks, gardens and other

managed vegetation.

The surviving fragments of Singapore's once extensive mangrove forests all show

the effects of past exploitation and disturbance (Corlett, 1987). There are few old

trees and the inland margins of most patches have been destroyed by reclamation.



Angiosperm Flora of Singapore 1 17

Moreover, land reclamation, barraging of estuaries, and developments inland have

drastically changed the patterns of sediment deposition and erosion along Singapore's

coastline, so even protected mangrove areas are unstable. The rich epiphytic flora

recorded earlier this century has almost entirely disappeared but most of the woody
flora survives.

Managed Vegetation

For most visitors to Singapore, the lasting botanical impression is not the untamed
exuberance of tropical nature but the orderly rows of matching trees and neat expanses

of close-mown grass. This impression has been achieved at considerable expense in

money and labour, and only after many years of careful planning and experimentation

(Corlett, 1992c). Although the final image is very Singaporean, the flora of the

managed vegetation is pantropical. A continued programme of plant introductions

and field trials has resulted in an exceptionally diverse park and roadside flora, with

the plantings often dateable from a knowledge of past changes in the favoured tree

species. The few native species that are widely planted are all coastal in origin: examples

include the Pong Pong (Cerbera odollam Gaertn.), the Sea Apple {Eugenia grandis

Wight), the Yellow Flame (Peltophorum pterocarpum (DC.) Heyne), the Sea Almond
(Terminalia catappa L.), and the near-native Angsana (Pterocarpus indicus Willd.).

Many early introductions were from tropical America, such as the Rain Tree (Samanea

saman Merr.) and the Broad-leaved Mahogany (Swietenia macrophylla King). More

recently, African Mahoganies (Khaya spp.) have been very widely planted, but no

major tropical area is unrepresented.

Much of the diversity in the planted shrub flora is at the infraspecific level, with

Bougainvillea (Bougainvillea X buttiana Holttum & Standley), Hibiscus (Hibiscus

rosa-sinensis L.) and others represented by numerous cultivars. Managed grasslands,

in contrast, are largely planted with one species, Axonopus compressus (Swartz) Beauv.,

propagated vegetatively and now probably the commonest plant in Singapore. Fine

lawns, particularly in private gardens, are usually planted with species of Zoysia, while

several cultivars of Bermuda Grass (Cynodon dactylon (L.) Pers. and hybrids) are used

on golf courses.

Conclusions

Despite its small size, relatively uniform topography and recent history of massive

human impact, Singapore still supports a vascular plant flora of incredible diversity.

The majority of this diversity, however, is dependent on the protection of a few, small

areas: most importantly, the primary forest remnants at Bukit Timah, MacRitchie

and Nee Soon. Even the oldest secondary forest in the central catchment area is

depauperate in comparison and its conservation significance lies more in its role as a

buffer for the primary forest remnants, its importance as a habitat for vertebrates, and

its potential for future floristic enrichment, by natural processes or with human inter-

vention. Along the coast, the few remaining patches of mangrove forest, although of

low floristic diversity, support an extremely rich and interesting fauna. Outside the

forest, the flora, both spontaneous and planted, consists largely of pantropical species

which, although often of considerable biological interest and aesthetic value, have no

particular conservation importance.

The Flora of Singapore project is of major significance for plant conservation in

Singapore. The availability of a modern Flora will greatly facilitate the detailed studies

of species and habitats on which long-term conservation management of the flora will
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ultimately depend. Singapore, with its stable Government, strong economy, high educa-

tion standards and well-deserved reputation for long-range planning, can and should

set an example for the rest of the tropical world.
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